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HEAD LOSSES IN FEET

Figure 6-21

HEAD LOSSES IN STRUCTURES-A", "B", & "C" LOSSES

EXAMPLES Q 1= Upstream flow, C.F.5.
MANHOLE Q 2=Downstream flow,
Q.= C.F.5.
02 9.3 Q 3= Incoming volume,
a™9. C.F.8.
V 1=5.T, V 2=28.1 Vv 1= Upstream velocity,
HEAD LOSSES Shiian
a Y 2== Downstream velocgity,
A= 0.34 i F.P.5.
B=1.02 - 0.51=0.51 g ¥V h=Valocity head, Feet
G=10.18 f;.rd
D=0.20 (FIG. D-E) > 1
L[TOTAL1.23 FT. LOSS @ |
K / ;
WYE BRANCH Qo a | Loss due to
Q 1=40, O 2=44 g5 change in :Ial:;:cilty
— o = ‘I_ ‘_' i_ "A® Minor loss in
V1=6.7,V 2=86.2 / V h-2 h=1) mu Entr. lose In
MH (or Inlet
HEAD LOSSES / gl
B=0.58 - 0.561=0.07] [/ *7 e =
oy s larger use “C°
O - 0.10 / 0;‘ /’ curve
.
D= 0.03 B ! ;
d t 45
TOTAL 0.20 / Py bend in MH-
;{ & 7 Multiply by 2.0
. /] for 80°. Deduct
y - / 1/3 for 22 1,2
-
& 0%
/ fu/ e Loss on Run at
4 1
GRAPHIC EXAMPLE OF glf s e
________ O
MH HEAD LOSSES I all ¥ \
7 A A Loss due to 90'
(ABOVE). /I O ‘\ bend,Structure
A @ — (Deduct 1/3 for
3 3 o 3 \ | 48°) Munipiy “c-
/ j ; L _{pf/ curve loss by 1.5
for bends with MH
- o N2 or with connection]
_ | & / 2.0 for bend
=l= ===l O P structures with
I W8 / MH and
( - connection.
s e e | —| =
7 e L~
/ i |
== L ey
i |
2 4 6 8 10 12 14 16 18 20
v VELOCITY FT/SEC.
Source: Baltimore County Department of Public Works



HEAD LOSS IN FEET

h

Figure 6-22
HEAD LOSSES IN STRUCTURE "D" LOSS

g EXAMPLES
" IBEND STRUCTURE WITH MANHOLE AND CONNECTION
. Q 1= 150, Q 2 =180, Q 3=230
Y 1=11.8 V 2=14.1 Q3 Q3
=100%
5 o | HEAD LOSSES 91
““le=23.30 - 2.20=1.10 Q 2 /
G=5.0 x 0.640 = 1,38 a 1 /
e e
TOTAL 2.83 FT. HEAD LOSS e
.8 for Manholes,
Wye Branches,
and Bends,
,|TYPICAL JUNGTION CHAMBER /
“"la 1= 130, @ 2 =195, Q 3 /
Q 3= 85 st 4
.2
V 1= 13.5, V 2 =12.3 Vi e
& s 4 i=80%
HEAD LOSSES Q 1 / ¥4
. B=2.35 - 2.85=-0.50 /
“le= 0.60 / /
: D= 0.50 x 0.94 = 0.47 / /
I TOTAL 0.57 FT. HEAD LOSS jf
Q.5
4 / f/ {-:_—Hﬂama
7l
2 o u 1/2 Indl
’f f’} Vd h::d Iosan?nﬁatad‘
/ / L/ Junction
0 7 Va Chambars,
y // >
.8 v 4
A 1/
6 £w. Q3 109
g Graphic Example for /-l""( __,-""#- Q 1.“_
N Manhole Head / /'f“"r // __,.-/}
: g =
Losses ___..-"‘
//ff ;r‘f
5 A A A
1= o
_é -r"——— f

2 4 6 8 10 12 14 16 18 20
v VELOCITY IN UPSTREAM PIPE FT./SEC.

Source: Baltimore County Department of Publlic Works
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Figure 6-23

HYDRAULIC CAPACITY OF GRATE INLET IN SUMP

o« O 71T T7
T ] +—+———— =
S 8} CURVE (B) i
o 7 ¥
o . Vi
whk 65
- /
g L
wZ 3
Ow
—
-u: 2 /"
gk uaz{caimve
Iro / 8
dla it = . A FOR DEPTHS _
A AREA OF CLEAR OPENING 0O 3 A | OVER GRATE
IN GRATE TO ALLOW FOR o o -ESS THAN 0.8 F1T,
CLOGGING DIVIDE P OR 0.8kl FEFENnnnn L
A BY 2 BEFORE OBTAINING d. s 4 5 678910 15 20
WITHOUT CURE P = 218 + 1) DISCHARGE PER SQUARE FOOT OF
EFFECTIVE CLEAR OPENING
9.8 L B T R T
— CURVE (A) -
0.6 -
@ . -
w ““"f
> 0.4 /"
= A
R o
< . 0.2
= . ra
= ey
Ow
-
T« g 9
~
T O
=
a
—~ USE CURVE (A) FOR DEPTHS
= OVER GRATE MORE THAN
0.8 FT.
| 1 ] Ll atatalids | ]
0.1 0.5 1.0 2 3

DISCHARGE PER FOOT OF
EFFECTIVE PERIMETER

BUREAU OF PUBLIC ROADS
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DEPTH OF FLOW (%)
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Figure B-24

HYDRAULIC ELEMENTS OF CIRCULAR SECTIONS
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PERCENT OF FULL FLOW
EXAMPLE:
Given- Discharge flowing full 15 ¢.f.a., velogity=17 f.p.s.
Datermine- Velocity and depth of flow when discharge is 12 c¢.f.s.
Solution- Enter chart at 80% of value for full section of Hydraulic

Elements. Obtain depth of flow 68% of full flow depth
and velocity =112.5% x 7 =7.9 f.p.s.

Source: Baltimore County Department of Public Works
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Figure 6-26

GRATE INLET DESIGN CURVES - STANDARD GRATES
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Figure 6-27

GRATE INLET DESIGN CURVES - PWBD GRATES
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Figure 6-29

PIPE SELECTION CRITERIA

(O - ROUND - CORRUGATED STEEL PIPE

Minimum Metal
Pipe Area Minimum Thickness Maximum
Diameter 2 Cover Fi11 Heights
(In,) (Ft~ | | o (Ft.)
(In.) (Gage)
2 2/3" x 1/2" Corrugations

A
12 0.8 T T 124
15 1.2 100
18 1.8 0.064 16 83
24 3.1 { { 62
30 4.9 A 4 62
36 Tl 0.079 14 51
42 9.6 { t 44
48 12.6 ' 54
54 15.9 1.0 0.219 112 46
60 19.6 L 51
66 23.8 0.138 10 43
72 28,3 t 1 44
78 33.2 50
84 38.5 0.168 8 41
90 44,2 33
96 50.3 l l 27

3" x 1" and 5" x 1" Corrugations

A A
36 7.1 60
42 9.6 51
48 12.6 a5
b4 15.9 0.079 14 40
60 19.6 l 36
66 23.8 1.0 33
i 28.3 ¥ 30
78 33.2 * * gg
84 38.5
90 44.2 g dd - 33
96 50.3 l i 31

Y

Note: The gages shown above are the industry standard. Only the gage shown
for each pipe size may be used.
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(::) - PIPE ARCH - CORRUGATED STEEL - PLAIN GALVANIZED

Figure 6-30

PIPE SELECTION CRITERIA

Equivalent Minimum Metal
Round Span and Area Minimum Thickness Maximum
Pipe Rise 2 Cover Fill Heights
Diameter (In.) (Ft€) (Ft.) (Fta]
(In.) (In.) (Gage)
2 2/3" x 1/2" Corrugations
15 17 x 13 1.2 A [} !‘ 22
18 2F % 15 i iF | 1 21
21 24 % 18 2 : 19
24 28 x 20 2.9 0.079 14 18
30 35 x 24 4.4 | ; 18
36 42 x 29 6.5 e ¥ 15
42 49 x 33 8.4 i | 0,109 17 14
48 5F x 3B 103 A x 14
54 64 x 43 14,4 | 0.138 10 14
60 I ox 4F 17.4 L) L] 14
66 IF % 52 2il3 0,168 : 8 14
72 83 x &7 25.6 i + i * 15
|
3" £ 1" and 5" % 1" Corrugations
A A
36 40 x 31 7.0 23
42 46 x 31 9.4 et 14 22
54 53 x 41 12.3 i 21
60 B0 x 46 15.6 , 21
66 66 x 51 19.3 1.0 | :_ 28
72 73 x 55 23.7 26
78 81 x 59 27.4 0.109 12 24
84 87 x 63 32,1 22
a0 g5 ¥ 67 Szl 20
96 103 x 71 42.4 1.b 18
Y L
Note: The gages shown above are the industry standard. Only the gage shown

for each pipe size may be used,
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Figure 6-31

PIPE SELECTION CRITERIA

(O - ROUND - CORRUGATED ALUMINUM PIPE

Minimum Metal
Pipe Area Minimum Thickness Maximum
Diameter 5 Cover Fill Heights
(In.) {Fi"} LFE.) (Ft.}
(In.) (Gage)
2 2/3" x 1/2" Corrugations
12 0.8 T T lég
15 1.2 - '
18 1.8 0.075 14 75
s : :
30 . ;
36 7.1 U.HPE %2 52
42 9.6 ) A 58
48 12.6 0.135 10 50
54 15.9 T ¥ ¥ 45
60 19.6 1.5 T 1 49
66 23.8 2 44
72 28.3 i 40
78 33.2 f 0,164 8 37
84 38.5 2.0 | 34
90 44,2 : N.A.
96 50.3 l N.A.
A" x 1" and 5" x 1" Corrugations
36 1.1 1 1 T 42
42 9.6 1.0 0.075 14 36
48 12.6 y y 5 31
54 15.9 A ] 39
60 19.6 T 0,105 12 35
66 23.8 1.5 ¥ ¥ 32
72 28.3 2 A A 38
78 3.2 D.135 10 35
84 38.5 l l s
a0 44,2 0 30
96 50.3 ; 0.164 8 34
Note: The gages shown above are the industry standard. Only the gage

shown for each pipe size may be used.

6-84




Figure 6-32

PIPE SELECTION CRITERIA

(O - PIPE ARCH - CORRUGATED ALUMINUM

Equivalent Minimum Metal
Round Span and Area Minimum Thickness Ma:x imum
Pipe Rize 2 Cover Fill Heights
Diameter (In.) (Ft°) (Ft.) (Ft.)
(In.) fIn.) (Gage)
2 2/3" x 1/2" Corrugations
15 17 x 13 1.2 1 i I 4 15
18 21 % 15 1.7 1'25 0.105 12 15
21 24 x 18 &3 ;_ i 14
24 28 x 20 L oy 14
30 35 x 24 4.4 X e 4 13
36 42 x 29 6.5 1.50 T 13
42 49 x 33 8.4 = 12
48 57 x 38 11.3 Y | 8
54 B4 x 43 14.4 L] 0.164 8 Fi
B0 71 x 47 17.4 200 | 7
T3] i1 x 52 £1.3 - i ‘ 7
12 83 57 25,6 i i 7
g Y MR L |
3" %1% and 5" x 1" Corrugations
36 40 x 31 7.0 A i fé 29
42 46 x 31 9.4 1.50 ‘¥ ¥ 25
54 53 x 41 12.3 ¥ { 29
B0 60 x 46 15,6 ) - 29
66 66 x 51 19.3 1.75 , | 25
72 73 x 55 23,2 ¥ 22
78 81 x 59 27.4 : he W 29
84 87 x 63 el 2.00 | | 26
90 95 x 67 37.0 ; | 24
96 103 x 71 42.4 2.25 | 34
Y | Y
ote: The gages shown above are the industry standard. Only the gage shown

for each pipe size may be used.
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Figure 6-33

PIPE SELECTION CRITERIA
REINFORCED CONCRETE PIPE

Maximum Fill Heights (Feet)
Inside Pipe Above Top of Pipe
Diameter Area
{In.) (5q. Ft.)
Class III Class IV Class V

12 0.8 8 20 No Limit
15 | | 9 18 No Limit
18 1.8 10 19 No Limit
21 2.4 11 20 No Limit
24 il 12 | 21 No Limit
27 3.5 12 i s Mo Limit
30 4.9 12 | 22 57
33 5.9 13 2e 62
36 A | 11 17 33
42 9.6 11 17 34
48 12.6 12 19 34
54 15,9 12 19 34
B0 19.6 12 19 34
66 23.8 12 20 34
72 28,3 13 20 34
78 33.2 13 20
84 38.5 13 20
80 44,2 13
96 50.3 13

102 b6,7 14

108 63.6 14

|
1

Note: Based on Class C bedding and soil of 130# per cubic foot.

6-86



Figure 6-34

CHANNEL LINING CRITERIA

{

VELOCITY CHANNEL
(FT/S) LINING COMMENTS
Under 8,0 Grass Design may require a study of the velocity
vs. organic lining charts due to the possi-
bility of eroding the wunderlying soil.
8.0 - 12.5 Rip-Rap Maximum permissible velocity depends on the
side slope of the proposed channel and size
of rip-rap used. For slopes of: 12:1 =
k25 Thig, Ail = Y06 Pifs, 3:1 = 11,8
ftfs, and 251 = 10.5 ft/s:
Over 12.5 Gabions or A great range of velocities may be handled
Concrete here. All designs lead to a reduction of
flow time in the facility and high erosive
capability at the outfall,

Mote: All drainage facilities shall be evaluated for outfall erosion and serv-
ice life (flexible vs. nonflexible 1ining).
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